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S y m ~ i o m  c?n High Puriw Water 

Comon. Specnl Technical Pubn. N0.T 
179, 1956, 95 pp. American Socict for 
Testing Materials, 1916 Race St, $hila- 1 
delphk3,R . 
Papers preseytcd during the ASTY 

June, 1955. meeting at  Atlantic City. The 
s y m r i u m  was sponsored by Commit- 
tee 19 on Industrial Water. Titles of 
papers are: Preparation and Maintcauwc 
of Hi h-Purity Water. F. N. AI i s t ;  

Hontky and S. U n t e n n & e r h I d l ~  of 
Water Composition on Ckosan io Hi+ 
Temperato-?. High-Purity Water. Don- 
rid ' ?' :- James bi. SMna 
and rn; Effect of Material ca h i  h Tempen tun  Wa- 
ttr - Ik. Roebuck; Specid 
co f of Carboa and La - 
AT e.*. r~ U. B+r and J. 3. 
0 I " ,  Jiualsrions ale lacluded. 

u# o f w a t e r  A- ~epccots ,  13. w. 

1c _ -  -- 

1 
A nanihcr of 18-24 stainkss steels ' 

containing up to 2.3 wt. % h w m  
cxpoxcl to stattc. hiah-purity u-ater at 
600 and 6RO F. The results indicate only 
a small cliange in corrosion resistance 
under these conditions as a result of 
borw additions (auth) 

-. - 

8 

- ~ - -  
Natuml waters and i n h a i t 4  %ten 

and solutions studied for cffcets on ordi- 
nary construction steel at ambient tern- 
pcrature. Concludes impossibility of && 
mg corros iv i ty  of an electrolytic me- 
djum on a given metal unless all como- 
SiOn conditions specified; that most 
adeguate method appears to be determi- 
nat!on of break point on cathode pohri- 
za!wp C~VCVO I! +------ 

corrosh of !run and Steel b water. 
Influence of pH. Oxidizing an$ Rcdoc- 
ing Agents, Chlorides, Phosphtcr; urd 
Temperrtore.  (In French.) M l u c u  
POURBAIX. Cehckor. Technical Report Na 
40, May, 1956, pp. 192-.M8. Ctrntrr Mge 
@Etude de la Corrouon, 21 Ruc dcr 
Dnpim, BrusscIs, B d g i i  

coc- 
rosivc properties d nrdinary and idus- 
trial r a t e r s  in contact witb iron .nd !a- , 
alloyed steels was studiid in .c- 
with research on chemical and electro- 
chemical e uilibriurn and s p e d  of the 
reactions. Zorrect proccrser tor antitor- 
rosive treatment of water and mctrl were 

. 

Influence of these factors on 

I 

- 
. I  

) /  ' . I -  . , .  

I low m HiEh Tcmpcmtur.. Water. Der-- 
AI-D c-. h D U I S  AND VUKM M m .  ! 
Knolls Atomic Power th. U.S. Atomic 
Energy Comniission Pubn.. KAPL-Y- 

unc IS. 10% 12- pp A d e k  
from &fke of Techn ica l  Scmca. 
Washinflon. D. C 

A number of zirconium- and titarrira- 
base alloys ccntaining up to 2% baocl 
were exposed to high wr i t  water at 
600 anct .6&0* E n e  res& i n d i t e  
t i n t  a high degree d corrosion r a w s -  
anct is attainable in the titanium-bonn 
al lop and that the addition of a4% 
Imron to zircaloy-2 increases i ts ~orrq 
<inn rate. but not drastically. (aatb) 

' L31-6. 

- / _ -  __ 

. 

-- 11 - 
The Corrosion of Mitd Steel by H 

Teppcfaturr water. J. N. W A I ~ I C L V S . ~  
Rrit. Atomic Energy Research Estab- 
lishment. Hanvd. k k s ,  England, Rcp 
M/SI-I16, Shy. 1956.0 pp. 

sfcthods of mcasurtng and ex resring 
the corrosion of carbon steel gv high 
temperatitre water ace discussed. krccnt 
information on  the influence d a num- 
k r  oi factors is summarized. (auth). 
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Aluminum Alloys far Hadling H 
l a t y  water. \v. \l'. RINaS c.% 
596t (1957) Se 

Aluminuni a c y s  have brm used for 
more than 20 years for storage and dir- 
tribution s y s t e m s  h a n d  I in g distilled 
water. Recently, it became possible ?o 
investigate experience with some 30 du- 
tilled water systems which had been in 
use for various periods of time up to 24 
wars. Many of these systems had been 
h a d e  entirely of a luminum.  Scrml 
were composed entirely of tinned mpper 
or brass and others were nude up of a 
combinatioa of m a t  e t  i a  I s i n c  I ud i  n g 
aluminum. i 

Results indicate that aluininum alhr . 
storage tanks, tubing, fittings and vdm ~ 

are hiKhly satisfactory for handling ds- : 
tilled water and do not uusc significant , 
contamination of the water being b- ; 
dkd. 

The  inc&aJcd use of the ion exchange 
method for purifying water has required 
cquipnient fabricated from niaterials in 
\vliich stich a. water could be handled 
with a niinimrtm of pick-up and dis- 
color;ltioa.-Since many pm-wsa require 
~ . c ; E  (IULtrslCI ul a w d l c l  VI v c ~ y  wn 
t6td solids content, it was natud to 
consider Junlinain alloys for tht fa& 
cation of storage tanks and piping fa 
Iiaiiclling cle1iiincmlizcd water. 1l IM 

l4AISTlUER COWUh, 13, h0. 9. 5911- 

-I___ 
" ---_ 

. .  

Symposium on High Parity Water, . 
Corrosion. Special Technical Pub. KO. 
179. 19%. 56 pp. American Soci ty  for 
Testing Materials, 1916 Race St., Phila- 
de lph i  3, R 

Papers presented during the ASTY 
June, 1955, meeting at Atlantic City. T1.: 
symposium was sponsored by Commit- 
tee D-19 on Industrjal Water. Titles of ! 
payen are: Preparation and Mvntaurrc  
of High-Purity Water. E N. AI oist. 
Use of V'- - UI Atomic Reactors, 4. W: 
Huntley L - 3. Untermyer; In&awr of 
Water Compcsition on ComJoa in Higb- 
Temperature, High-Purity Water. Don- 
ald M. Wroughton. Junes M. Sam00 
and Paul E. Brown; Effect of Material 
Composition in High Temperature Wa- 
ter Coyosion. A. H. Rocbuck; Special 
Corrosion Study 6 6  Carbon and Low 
Alloy Steels, R. U. B l m  and 
Owens. Discussions are inclded. &Ai 

- _  

The corrosion of Iron in High-Tcm- 
perature Water. Part 11. Kirkendan Ex- 
periments, D. L. DOUGLAS OIIC~ F. C. 
ZYXES. ~ O ~ ~ i O R ,  13, No. 7. Jut- 
(1957) July. 

*..a t . c i i ~ % ~ i - i y ~  cxpernmenis were car- 
ried out in order to identify the ion 
species diffusing through the niagnetitc 
film formed on corrosion of iron in high 
temprraturc water.  I r o n  d i s k s  were 
paititcd \ \ i i l i  a h r r y  of Si"0. aid the 
surface activity was measurcct. After 
corrosion the activity decrrascd. This 
decrease is shown to be riiozt readily 
cxp1aiiic.d Iiy a ri)vc-in% of Si"0 Iiy m y -  
nrliic f c m i c r l  as irtiii b i i s  c l i f i i tc  out- 
ward frniit the metal-oxide interface to 
the oxiclc-water interface. 13671, 

I 

- .- Third Printin-. 10% ,,& A,,,-: 
c r- - ------ -- m. -e" . ~ 

Society for-Testing Materials, 1916 h _- Street, I'hihdelphla 3. PenluYInak  

c0rrp.b. Coatrd d CircuIatiacr K a h  Tmcrcrt. J.M.BROOKE. B.C.WITT. Cormion v 17 n 8 Avlr 1WI p W. 
25. Major objcctivn in t m t i n r  cudin. water a m  rn-4 d 
~tcp SUm6tcd for nrntrullinr .crk ftmn.ti,,m: dm d 
coolinr (uwcr owration on water and water t m : w ( .  .R 
considcrrd and eflecta of PH. blowdowa m n t d  and low d k c  
llnitr makeup k r i b e d ;  factom involved in watrr tmttncat rmtem : Y)IM exampk. of auccrufuf .m- 

Cormion of H d h  Sea Water. F.W.FINL US D.rr 
Intcrior-OScc of Sshm W a t e r - R a r r b  & 
Pmamsr Reprwt 46 Dcc 1960 59 P ( A v a h U .  fmm an. 
Wuhinalon 25 DC PB lilS44 $1.75). RSulU d lore lb( lr  

'intcndcd tu D&vi& special k&wicdec 01 cor rpb .  d rcJ 
utilized in design of installations for y. water to.rmb. 
by : distillslim. distillation usinn vapor-corprrrb. mdtb 
stare tllrb cvmpxmton. disti!latiun wilb vapor &I, dbt i lb  
tion without use of mctallx beatiw a u r ( u a  ..R OD) 
preriun uainn forerd cirruiatb.. c(c D- 
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CorcosiaadT ZSAiomhrumia 
~ s t i ~ ~  water. 2%. S ~ ~ A N  *iD . j. 
SHYNE North American A v i d  a. 
Dormy,  Calif. U. S. Atomic E- 
Comm. Pubn.. NAA-SR-Ucmo-= A@ 
IO, 1951 (Declassified A ril IS, 1%). IS 
pp. Available from: d e  of T c c h n a  
Sc~viccs, Washinaton. D. C. . 

Corrosion of 2s alumin& m eontad ~ 

with distilled water at room tcmpcrnurc 
presented an unexpected and serious 
problem during expcrinwnts with an u- 
poncatial assembly. Effwivc coatings 
were developed for the aluminum tubing 
surfaces affected, which could provide 
protection against corrosion up to at 
least 80 C. The coatings have safely low 
neutron absorptio.. w x s  sections. The 
probable mechanism of corrosion is  
briefly discussed. (auth). 

High-Tcrnpcrature Wata C i e a  
A. H. R ~ U C K .  Paper before Am. !kc. 
Testing Matecats Symp..on Hkh-POrit 
Water Corrosion. Atlantic Gty. one d 
1955. ASTM Special Technicd bubka- 
tion No. 179, 1956.27-34; d i ~ ,  35-* 

Corroriw characteristics of numkr d 
mater'ds were studied under varict d 
conditions, t o  select materiab fa & 
temperature water system, 
with maximum water panty e m+ 
mum- corrosion product contMuub0L 
Compositions of highest corrosba . r ~  
cobalt alloys, platinum, tustmitie, bat- 

, resisting and p.reci?itat+ ktdcDi. 
stainless steels, titanium, zirconnun 4 
hafnium: those of intermediate d- 

' ance are aluminum and a l ~ i n u m  .aOrr - chromium. 70-30 copper-nKktl. cohls 
ferritic and martensitic stainless stsdr. . 
and nickel and nickel alloys; ibotc d 
lowest resistance are copper lad 

Effcct of Matertl Corn c 

! 

3z dbys, K i m  tnd m- 
ywy uauuu SLCIU llllQ o v e  md .iha - T.Ma -__ 1 L -  _ _  .-.- 

- ' City. June at. 19SS.AstU srcrcirl T& 
nical Publication No. 179, 19% l9.a 

1 Tests indicate that. except for p& 
f water composition u-ithiu range of mrh. 

bles studied has minor ind- 011 -- 
rosion lares of carbon steel and s - k  ' 
steel under conditions whcb m y  & 
in primarv coohnt of water- d 
mmicratcd reactors. Water c ~ i  
cannot be considered unimportut k. a 

cause: range of variables studid m i 
limited by induced radio-activity 2nd ' 

dhtion stability of pozsibk comesh i.- 
hibitart; rpccial C O I T O S ~  cam m s p  
tcm may exist in which wata  canpod- 
tian or treatment may be import-; 
effect of water condition on 
product i nay b~ greater than its= 
corroria. rate 

in dcmincralized water at tctnpcratum 
up to 200 C. A correlation bctwcca cor- 
rosion rates and the clTective aluminum 
surface tcmperature i s  prcxntcd. The 
effect of incrcnsed bydrogcn ion conccp- 
tration on corrosion rates is also die 141% cussed. 
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Imestigations on t h e  Reac t ion  of 
Ahnmium with Water. (In Cernnn.) 
D. AmxmHL Alrmmirm, 33, No. Z 78. 
91 (1957) February. 
-4s a result of chcmial reaction of 

aluminum with boiling water a hydrated 
oxide: AbOl lHIOat'*, or boehmi te  
laver is formed on the metal surface, 
which, if certain conditions of the reac- 
tion are satisfied, may be used as a 
means of general corrosioa-protection. 
The author conducted a t e n d r e  n m h  
to determine the conditions which arc 
apable of producing muhnam corro 
-&MI resistance of such boehmite layers. 
To this effect the inallcnce d minute 
diffcrenccs in the purity of boiiing water. 
the formation of boehmite films by the 
repeated u x  of the same r a t e r  and the 
ctlta of various additions to mpcr par- 
ity rater, together with the pH *due, 
o. tht rate of growth d sach Lgrrr. - studied. Finally, du soitabXty of 
boehmite layers produced ha an d W i  
mtdiom for corrosiorr-protectiom was in- i 
rcstigatcd. The protective d u e  of the I 
films formed onder different caadithr f 

.N tzsted by uposing UC samples 1% 
tap water of various tanpuaturer  Tk 
rc4:s are summed ap as follovt: (1) 
cdarkss bahmite layers formtd in Sam 
d kss than 13% Gcrmu hardness 
proridt fun protection r~rrotiar 
b r  tap water at t r m p m h a t l  h- 
t h n  10 C; (2) the aggrcssivity of tap 

arums; (3) at foom t e m p c r a m  and up 
to C ooly t+ film, p m d d  under 
optmmm conditions rrrmin resistant. 
Bocbmite layers formed by boi!ing for  
I tc! hours ;P a 0-1 N ammoamm hy- 

-A*- ? t d  rn b u r r  ** 
hipbest pmtcain d o e .  SIWb sampks 
t e e d  for 1% yeas in cold, running or 
statiooary. hard tap water, showed no 

ern. the presence of heavy metal ioos 
in a proportion higher t h a  1 mg/l of 
mater. apcchlly when the boehmite film 
is interrupted by minute discontinuities, 
considerably reduces its protective ef- 
f e - A L L  1- 

~ C I  irrt-sa with dem;rtiall tmpcr-  

t m  d CO~~OS~OQ r b w .  Hw- 

FKtotr in tht B d t h d t b t  Ca- 
rozitrity of Waters. !In Italian) C. hat- 
XUA AND E GIANNL Mc&lhrgh 
48, jo3-512 (19%) Na. 

Saturn1 waters and inhibited watm 
and sohations studied for rffccts on ordL 
MW construction stccl at ambient tem- 
pcnturc. Corulucks imlusulilicy of &*tin- 
ini: corrosivity of LI rkad tic nu- 
dium on a given metal snlcss a i  cmo-  
sim cui.ditioiis specified; that most 

adcquate rnrtliod appears to bc determi- 
nation of brcak p i n t  on crtliode ixhn-  
=:ion CU~YC. 11 rcfcrcncrs.--U H. 13502 

Cacrosiom Studies in High Tan- 
hue Water by a Hydrogen E€f& 

A- Fmsn and P. N. VWNNES Corrasioll, 
Y xo- 5. B7t-1021 (1957) May. 

A new m e t h d  for the measurcmrnt 
of static corrosion rates in aqucotrr 8- 
tcms -at elevated temperature and pra- 
sure  IS briefly describcd Data obtlintd 
by application of the method to  ferrour' 
sj-stems are presented. Thew &a 
dude (1) the  corrosion rqte of low ar.- 
boa steel in distilled water at 600 F. (2) 
the  effect of raising the pH in such sys- 
tems (3) the  effect of the- shock 
and of temperature rise on the comosioa 
rate and (4) the effect of heat trr;rbncnt 
of @e metal on the corrosion rate. Com- 
panson Lutrcce the corrosioa r a t a  d 
loa carbon steel and stainless steel and 
some data arc included a the efiect d 
the  *I thickness of low c a r h  steel 
-p- ;I; rJc .UC y. d,u**%U + I r e  
s- resulting from currorioll at a-5 _ _  

H w  11. c. ~ h J O M ,  hf. &UUZLo, $v. 

-- -- 

T h e  P r m t i o n  ud W.intcri .ae+d, 
High-Purity Water. E N. A w .  
t'apcr hckrre Arnc.-aca.n !b& b 
Testing Naterials, 5Rth A n n 4  b- 
inp_ Sxmposium on Higk Purity Wata 
Corrosion. une, 1955. Am. Soc TCrtiy 
Materials. &cciaI Technical h b a ,  No. 
ITq. 1-T (193). Ava$able frcun: ASTX 
1916 Race Str-  Phtladelphia 3, Pear 

High-punty (H.P.) water, 04 as 8 , 
rmlant  and moderator; is p r m d  ud 
maInt incd by an ion-exchange system f 
rhwh is an integral part of t k  rc-. 
H-P- water is defined as a water free of 
an s d i d t -  liquids and gases, lad b 
m a r u r d  m terms of ckc t r i a l  
an- In the analysis of water. a Ibr d 
damnina t ions  in order of importr#r 
is girm. H-P. water ex& to 
r-py radiations forms hydrogm 
oxide and hydrogen. s u s c e p t i G  
of various metals to  crewce corrodol a 
H-P- r a t e r  containin oxygen 9 givca 
loc exchange resins for removlng oxy- 
K-- aFe !lismsxd, and the mixed-M 
tic-lpniutcon dexnbcd. The prepma- 
d =-n-c-cI.z=yr %;a:- fnr w m s h  
t t r t m c  is also o o t l i a d  

4 
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SpKiil Corrorioa Study d cubes 

J. J. OWERS Paper before Am. Soc 
Testing Material% 58th Ann M t k  S m  
on High-Purity \'&'atcl COV& At- 
City, June 28. !955. ASTM Specirl Tab= 
n i u l  Publicatlm NO. 179. 19% 37-53; 
disc., 54-55. Available from Am. SOc 
Testing Materials. 1916 Race Strrct, 
Philadelphm 3. Pennsyhash  

Tests to  determine quantitative c # r ~  
sion data on c u b o a  and low Jloy steels 
in high purity water to  permit their rg 
plication in nuclear reactor system.. De- 
scription of water conditions and appuotol 
for high velocity and statk test8 UP to 
750 F and 3500 psi, q u a n t i t a h  d.rr urd 
metallographic and visual -m 
of specimens arc prescnttd. Water r ~ )  

ditions are b a d  QI - t d  
ized. distilled water. Small q-titirr d 
gas and/or chemical treatment uc Add 
for certain work. Five materhlr tested 
are A 212, A 1T9, A 8J-sZl' ( ~ r b o s  
steels). A 335 P11 and A 33s P 22 (&* 
mium-molybdmum s t d s ) .  RCSIIJ~S fa 
A 212 c a r h a  steel at 600 F onda static 
conditions ?.nd at 30 ft./-% art pd 
Total corrosion and iron w h u  rcpt 
into water and that which rmrlined U 
an oxide film before dcscaling arc shorm 
separately. Rcsciltr show that c-b 
is h igha t  for clean specimen at  start d 
test and that corrosion rate der- 
rapidly with time of =-=. - 
mens in scmi-statu water rct.ilr llloe~ , 
scale and have lower c o r r ~ ~ i O a  .* d 8t 
high vclmity. Aduantaga d z t d  
are shown. Some r c d ~ a h  d h r d  ! 
high heat transfer rates as rcdt  d CO+ 
rosion and/or deposition is w t d .  

' a d  L~w-AUO)~ Steeb R U. Busrm All. 

loss of iron to water thin I 

Tub of Stainleu 

R. B. Nrm~anmxu Naval Engineering 
Experiment Station. Annapolis, Maqlaid, 
Rcpt. EES-OMOBM, Feb. 15. 1956, 17 pp- 

' Laboratory stress cor ros ion  tests. 
using V-bend specimens exposed in the 
liquid and vapor phases of chloride bear- 
ing boiler water at SOOF. have bceii con- 
ducted with Type 30) stainless steel. 
stress relieved at 900F and at 1700F 
after preparation of specimens. Ty 430 
stainless stet!. Carpenter 7 m o l y & & n  I 
steel, and with a group of 6 austcnitw 1 

Steeb s-? m - Xi& Temperature waters. 

Susceptibility a( AIS1 410 to stress corrosion and meuu d dhhm the 8hCSS-m problem. H m  Sur 
(<;coal Elec. Co.. Schenectady. N.Y.). US. At. Energy 
Carfir. KAPL-2155. 64 pp.( 1961).-AISI 410. trmpatd 

tack in high-temp.. higb-F+y Ha. and should not k wed 
ic minmi-Hr0 reactors. Shot pecning. which prodoar 
a compressive surface layer, pr9tectr AIS1 410 Irocll rtmr 
carrdoa. W k  the alloy b tanpaed at ll!&-13SO°F. 
for 2 4  hrs., it becomes immune toattack. Factombelieved 
to contribute to thc immunity M chaages io the e 
structure in the grain boundaries. formatho d mQILdpd 
pits iusttad d shyp pits. and djcf d w. Cr dtctm. 
plating ofirrr no protection amn. plttmg attack? rad 
should not be used for the pr0tect.h d AIS1 410pd s m i i  

p.tnchF8im . 

&lor about 11OODF., L susceptible :o stm+carogo9 at- 

+??L 

L 4.6.1-15 WATER CORROSIO I OF STRUCTURAL MATERIALS. A. H. Roebuck. Paper before Enp'  k 
Wrstrm Prnn., 15th Ann. Watrr Cod., Piitsbur& oaokr 
16-20, 1951. Proc. 15th Am. Water Cad, 1954, 167-177; 
disc, 177-185. 

d stainless s d s  a d  other metals ia hi& pwiay, high tcar 
pcratun water to aid in vlccting s t ruc tud  rnatuhb fa 
atomic reactor system. Tests erere um'd out ia high 
sun autoclrva and circulating systcmr uring high 
pumps, all Types 347 or 301. Facto- i n f l w - n g  COaodQ 
that were studied include tempmure, water purity ud cba, 
icd additions, dissolved gas concentrat.tion (ox~gm), 
prrssure, ~urface preparation, heat treatmrnt, amount d oreL.( 
working, galvanic coupling, g m r y  d tca ruapk, .rd b 
posed atrru. Crcvke corrosion, effect d pHD and chbride 
stress cracking arc considered in the discusion. Dam am g i v a  
for. austenitic, frrritic, hrat resisting, marrenritic, .ad Praipc 
tatloo hardening stainless steels, and nicid, inconel, M o d ,  
Hastelloy, 70-30 copper-nickel, Strlliter, and Dunniikd ull~y 
others. Tablcr, g r a w  

4 

steels contsining nickel In amounts "0- I 
inp: from 10 tn M%. E!rcw tmrw.:nn 
cracking o c c o r r e d  in vapor exposed 
specimens of all materials except T pc 
430 stainless steel. The results con<m 
the conclusion that austenitic stainless 
steels as a class are subject to stress 
corrosion cracking in high temperature 
waters containing chloride and oxygen. 
(auth.) 

5 



4.6.1-6 CORROSION OF IRON IN HIGH-TEMPERA- 
TURE WATER. PART 1. CORROSION RATES BY HY- 
6ROCE.V EVOLUTION .4T 240 TO 360' C. PART 11. 
KIRKESDAU EXPERIhlEhTS. D. L Dough and F. c. 
Zyzes. Knolls Atomic Power Lab. U. S. Atomic Energy Carrp- 
mission Pubn., KAPL-1376, November 1, 1955* 99 pp. 

A new method of measuring the corrosion rate d metala h 
high-tunpenturn water was devclopcd. The metbod irrvdva 
deterniinffig the amount of hydrogen evolved in the reactha. 
Corrosion mevurcmrnts are carricd out in nnJl autoclavu. 
the y space of which k filled with a known amount d a 
carrier gas, helium After cormion, a run& of &e I ~ I  i 
taken. and is analyzed on the mass spcctromew. Fmm & 
analysis and *e V u n t  of gar the hydrogen cvolvcd In tk 
corrosion rcactm u readily calculated. Using thh mabod, a- 
tenrive measurements were made d che corrosion d Arm00 
iron and high-purity iron over the tanpcnturt  ruy 240 0 

treatment wrm studied. In rddttion, m e ~ u r r m e ~ w  YC~C mdt 
in satumted vapor. supertreated vjpor, and d d i I e  
aqueous solutions. Elcctrolyticdly or chemically polkid RUC 
fam corrode at a rate that is very low can;iurd uitp tk 
rougher pickled surfaces. At 240. C the cormion a t e  s br 
a d  constant with time. At 316' C + 360' C the d 
behavior is brst d c s c n i  by the &e Iaw, m = t(t+t,)s + t. where m i s  the zmount of hydrogen evohred, t is rbc 
time, and kl, L and L arc constany An unexpLmd spread 
in the data prevented the determination of thc constants, but 
the total corrosion for elcctropdished sptckm ranged from 
ahoiit O S  rn I tl m*!limnlr* 4 h d r r v m  cvohncd p w w u ?  

Arm- iron and the high p'xity iron was found. A b ,  110 dkt  
of !cmpcratyc in the range 3!6 to 360'82 w u d c t d  Cot. 

hours at 800' C in hydrogcn or a vacuum somewhat haa'ead 
the corrosion rate. These muhr arc dbcurwd in d 
mcchaniun involving diffusion d iron iOnr throryh 8 m8g- 
netite fikn. At 2-10' C the ratedetermining rtep b W t C d  
to a Schikoxr-type reaction, 3 Fe(OH),+ F d x  + H. + 2 HA. 
At the higher temperaturn from h n  bn dificah h 
to he ratedctmining. Kirkendall-type apenimeatr wctc u l ~  
rim! Out in order to identify the ionrpccia diRuri 
the ma@c fdm formed an common d kxi h"&h - 

360' c. The effects of surface- bni ,  tcmpcraturr, and bat- 

aectamcr m >UI how he u g n r m t  ddf- bctwcd 

won luhavmr is the same m s a h u r t d  vapor. su 
vapor, and the dilute s o l u t k .  Annealing the iron 

purturc -8% (mtk) 
- __ 

4.6.2-5 THE PREPARATION OF DISTILLED W A m  
AS BOILER FEED WATER C. H. Allen. P a m  b e f a  & 
Chem. Ind., Sym. on Distillation Londolr, A@ 3,1950. 
istry & Industry, No. 37,772-774 (1951) sip. 1). 

Method used at Plaktow whuf Redncy fa odtcnhy d 
water required for evaporation is the limc-da& .1& 
nate process, precipitating the s d e  forming sal& d 
and magnrsium. Aftcr filtering, the evaporaton .IC pmcead 
from corrosion by rcmwal of oxygen by deac-atiorr 4 th 
use of sodium sulphite. The gencral method d inhibitioa eu, 
tic cmbrittlrmcnt is by maintaining an optimum &o d 
sodium sulphatr to sodium hydroxide. Graph and d k m  .rc 
included 3 rcfcrcnca. 

! 

. 
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-1-1 INTERIM REP~RT ON THE CORROSION 
BEHAVIOR OF SOME BORON CONTAINING MATE- 
RIALS IN HIGH TEMPERATURE WATER DoaJd C 
Bdaum rad Ulrich Mencn. Knolh Atomic Pomr Lab. U. S. 
Atomic Energy COmm. Pubn., KAPLM-UM-4, Scpc 9, 195s. 
12 p AvuLbte fmm OtTicc d Tcc&ical s c r v i i  W- 
C0thE.C 

4.6.1-1 A N  ECONOMIC A N A L Y S I S  OF WATwt 
TREATMENT. M. C. Forbcr Petroleum Eqr.,.27, No. 1% 
C34, C36C37, C4W42 (1955) scptrmba. 

Defina the pdlcnn to be f a d  in an ccoaamk .rulydr d 
water trcaUnmt. cvaluata the results d k g  8 tratwat d 
lar than maximum efkctivenea, and aids in cstimat& 
of chemicals and cqripment. Specific problems d 
i a l  control, scale control and conorion control arc coas 
Mechanical tvatmmt by aeration, dcaention, u d i m c n t ; r t i o r  
and filtration, and chemical treatment by hoc lime-rod. rdtcm- 
mg and ion exchange are n d y r c d .  Graphs pmmmt codt data 
for limcrod;?,-wdiurn d i t e  and h y d r q p  +tcniag 
system. Addim d chromium salts a ~nrouoo ahihton i 
dircwrtd 

__ 

4.6.1-5 CORROSION OF METALS IN IIICH TEMP- 
ATURE WATER AT 506' F AND W'F. S. C. Datsko .ad 
Calvin R. B d m .  Arpcnc Nat'l. Lab. a d  Babcock and Wil- 
cox Co. U. S. Atomic Encryy Coma Pubn, ANL-SSM, Oa, 
19%. 203 DR 
RAU bi carmion tests on variety d . wtanic ~ b -  

taincd during the prriod froni F c ~ N J ~ ~ ,  1919 thmush July 
1953 arc summnritrA.. Thcarorrcnion bchavia d a mica d 
atmttural matcrhls, which tncludcd zirconium and z i r c o a i ~  

alloys, was investigated. %era1 water treatments not g c ~ S y  
wd wcre cmploycd in an  attempt to minimize corrorioa. ud 
the eBmts of thrre trmtincnts arc discussed. Sc\.crd mtc& 
such as thc 300 ~ r i c r  stainless stcrh and certain typa of t b  
nium, haw been found to .be sa!irfactory at both 500 and 
600' F in a11 environments in whlch thcy wem tested 0th- 
materials were found to bc satisfactory cnder s cific con&- 
tjons. At 500' F the addition of ovcr 50 cc of r*rngen per 
liter of watc'r pcrtnits the widest srletion of materials, (ruth.) 



4.6.1-17 PREVENTION OF CORROSION BY WATER 
IN OIL REFINERIES. P e r  W. Sherwood Corraforr TSC) 

1 ndogy, I, No. 4, 113-115, 120 (19%) June; WattalF. L 
Korrosion, 5. No. 5, 168-172 (19%) May: pctrdc\ro (L- 
don), IS, No. 2.50-55 (1955) Feb. 

Prevention d cmro+oo by WTtCT k the maa zllppab.1 
item of pmcntisr  muntcaurce m pctdeum rrhrunn. TLL 
problem is encountered in innumcrabk fornu m d  no QY 

Broad field of protection from water c o r d 0 8  taka h & 
ground storage tank wbicb are to be spared attack Isom d 
water, prrvcntian d conush io h u t  exchrnga~ dw 
sweet or brackish cooling water, rad protection d aq#a 
metallic structures from rain water. Cathodic 
metallic coatings, organic coatings, inhibiton, dt- 
environment and mttpllurgiul dect;P. are majar mctbob d 
cor& Cnatml 

d U t h  Uthfia d rbe l & m b  d 8 

- - 

4.6.1-4 FUNDAMEhTAL OBSERVATIONS ON THE 
SIGNIFICANCE OF OXYGEN IN THE PURIFICATION 

Hwc WcrkstoEe L Kamitm, 1, No. 1,4-9 (1950). 
OF WATER AND IN CORROSIQN-PROTECTION. L. W. 

The physical and h i d  prqurties d various trpl .i 
water am discussed, together with thr r e l a t i d i p  bet- tbc 
corrosive action d water nad the degree and nature d its pui 
ficatioe Tke C(HT0ljQn d mctlL cy& to water dcpced~ m 
d y  00 thc amounts of fm  cab^ dioxide and mttrllic r3b 
contained in the water, but alw en its fruacygrn -tent. If 
the oxygen coptcat is low, eg., wbcn organic matter b pIcRIlt 

wtd surfuxr only w k  the armat d fm oxygm pant k 
not Ius than 5 m g  per 1. 

metrl goes readily into solution, protrctkr am8 lam 011 tbt 

-- _c __ 

4.6.14 CORROSION TESTS FOR ARG0S-t NA- 
TIONAL LABORATORY: FINAL SUMMARY REPORT. 
S. C. Datsko. Research Center, B a h c k  and W h  th, 

The corrorioa behavior of a series of structural matcrtb h 
500 and 600. F water, which included tircoaitrn a d  .irrO 
nium Jloyr, was determincd. Scvcral methods d water tms- 
mmt were cmployrd in attem ting to minimize thc c o r r a h  
of the materials. Thc detaili~rcsults of thesc tau were h- 
eluded in 40 rrports issurd during the c0urx.d the wvrk d 
liitcd in the bibliography of this mport which summati#r tk , 
work. (math) 

BW-HIS, 31, 1953, I8 p ~ .  

--- 
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4.6.1-14 CORROSION OF STAINLESS STEELS IN 
SUPERCRITICAL WATER. H. A. Pray a d  W. K. 
Battelle Memorial Inst. U. S. Atomic Energy 
Pubn., BM1-901, Fcb. t, l9%, 20 pp 

hardenable and nonhardenrble grades) hu been- 
by static testa in degassed su ru i t iu l  water at 800 100Q 
3nd 1350' F at a pressure ~ S G O O  psi. The rnatcrkir~wcre 
evaluated oa the basis d weight gain urd I X R ~ ~ ~ Y S P ~ K  a- 
amination of aamplrr after uposurc to the Kfccted test d 
tions. Thc A ~ C O  17-4PH. Ann- 17-?PH, a d  I i a d l o y  I 
doys were the most resistant matrrirt  at  both 1350 asd 
1OOO' F. Inconel X, Type 302 stainless, and AllegIumy A-2# 
were severely attacked at both 1350 and 1000' F, whereas tk 
Hastclloy X and Type 410 stainless show huvy attack .t 
1350' F only. The type 347 stainless steel, dthou b d i b i t b g  
only moderate weight gains, was severely pitted after 
at 1350' F. Some pitting was dm 0bRn-d on ths a 
Type 309 stainless. In rupercrit:d water + h 
1000" F, the Allegheny A-286 alloy was tbc 
showing a significant reduction in corrosion resultins fmm tk 
prncnce of hydrogm. All the alloys tested had Qucucot r e  
ristance to 800' F degassed supercritical water dts an M y  
cxpure.  In general, the corrosioa in degassed rupcrUitiul 
ra ter  at 1350' F was intergranular in naturc, &rem at 
1 O X P  F only the Inconel X material was uk&vdy 
trated dong grain boundaria All allop sufkrrd ume 
burization and carbide precipitation after rrporum at 1350' ?. 
No decarburization or signihant ph3w changes WTC obwnd 
for samples exposed at 1OOO' F. ( a d . )  

I The corrosion behavim of 10 s t a i n k  R& ( 

. 

_ _  -. 

4.6.1-16 PERFORMANCE OF MATERIALS 
IN WATER AT HIGH TEMPERATURE. W. 0. 
and C. J. Lilncaster. U. S. Naval Eng. E. 
EESIA(14)-966870, 1951 ( u ~ u i f i e d  
miurnrrds 1. 

Raults arc presented of 
on materials tested in a dynamic eo 

materials stressed to 0.25 X U.T.S. in d e  
600' F (315' C ) :  the water w a  circubted -at 25 f+/Wt. 
3-4 days. Materials tested in ihe d v  b p  iadrdd 
Inconel-X, aluminum bmrm, and a l l g  C u p e n t a  20 (e 
mium 20, nickel 29, molybdenum 2, c~ppcr 3%. m) 
while in the hydraulic loop nlckc!, In-4 and Mead, 

*rtctIwb 
higher -than for aurttnitr steels. However, *md 

trtion-hardening condition this a l l g  showed ttW 7 
weight loss of all the nickel alloys. The dmaiD\un broar 
showed the greatat weight IOU d aU the 

tested. Corrosion ra tu  fpr the nickel-brc 

: ..--e).,. b-'.. :a ... L "UUAUCd:u; C3dA; in liK PlbdpT ~ . _ -  

rrudicd 
.- 
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SI. Shcrik. Alnniinuni dad \\'stcr, d lhd-bbcrf~uck hSg8&, 
4, 3, 33-36 (1952) Ma& 
Role of tixi& film: rlcctrwhcniiul natuac d coftolJo(I 
\ i s t am of dtiminnm to various typcs of water, such as CUII 
water, frcsh water, wa watcr snd distill4 water. Rcr.-.fa 
curmion rcsistancc; natum of the  diffrrcmt t y p  of e 
1ii;in iunstituvntt likely to be hamiful to atumimua. 

, 

-_A- 

6.4.2-37 AQUEOUS CORROSION OF 2s ALUMINUM 
AT ELEVATEC TEMPER4TURES. J. E. Draky d W. E. 
Ruther. Argome Nat'l. Lab. U. S. Atomic Energy COmaL 
Pubn., ANIrSCMlI, Fcb. 1, 1953, I1 pp. 

2§ duminum c o d a  uniformly in n e d y  pure water at 
rates which increase with temperature. The reaction n charac- 
terized by an initial period of rcla$cly rapid 3. .fe 
Inxrrf hy a line:: A s -  rwr d . c*rrc;.v.,. TLc 2s- ;I -. - 
aast d t h  cuwc, or the cotrorioin rate, changer fmar about 

-05 to 1.3 mil/yr average penetration rate Cram 125 to 200' C 
Above 2GO' C iotcrgrandar attack occurs, with rcsultlat mom 
rapid penetration and dacrioration of the metal. Tht LmodoI 
rate can k rcduccd and apparently the intergranular attack UI 
be prevented by the addition of an acid to the water. Tbe rdn- 
tion pH of minium corrosive attack 011 duminum goes dorn 
with increasing tcmpcraturc. 11 n of the order d 6.5 at 50' c 
.ad 2 at 315' C. At 111 twpcratum abwc the boilin(r point of 
water the corrosion rate b kss in dilute acid d u t h  thur i 
neutral water. Sulfuric acid has generally bcea wed for djw- 
ing tbc acidity of water. Presumably other ackb would k ntb- 
factory except that no halogen bnr should k added corm- 
sion in slightly Jbd ine  rolutions (pH 8.5) is mom ra id tb.r 
in neutral water at nearly all tcmperatum ~t I&C tbc 
daercnm shown in stagnant tests is scry Sight but i a a u s a  
considerably if the tempcraturc b increased to the adcr of 
200'C. Presumably the effect of solution flow rate would be 
mukcd in the we of a lkahe  water; much more so t h .  im 
neutral watrr. The corrosion of 2s aluminum docs aat 8pPar 
to ciii.iitc it as a material of construction in contact witb 
pure water up to about 2OO'C. In dilute acid, proprrl./ me- 
trolled. it is probablc that aluminan could be wcd to consider- 
ably highcr tcmpraturcs. The trmpcrrture limitation has not 
yet bccn dctcrmincd in the environment. (au~h) 

4.6.2-6 WATER CORROSION OF STRUcTuMt MA- 
TERIALS; OCTOBER, I94&JUNE, 1951. C. R - 
S. Grrcnbcrg, R. M. Robinson, A. H. Rocbuck, V. F. S.im 
and C. C Scott. Argonnc National tab., J d y  15, 1951,198 p 
(Report-4519). 

A program of evaluating the c o m i o n  resistance d aut- 
considrrcd for u x  in high-trnprraturc watcr sptcmr hu bca 
undcrtakrn. Rrsultr of labor3tOry corrosion testa ~ n n  lacd 
by Araonne and its subcontractors before June 1, IS&, Q 
structural matrrials other than zirconium are prcscntcd. Th: 
rnatrrials studird inr!udr stainlcss stcclr, rarbon steels and otha 
frrrour alloys. cobalt alloys, nirkcl and nirkrl alloyss  cop^ 
and ropprr alloys, othrr mct:lr ?nd alloys, and-crlaqic bodla 
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T. J. Rarcndrcg~, and IC. !I. Rrakstad. C*mosiim and I m p d  ' tics in the Ileavy-IVater System of the i)utch-NmwelCi;m Rc- 
actor. Joint Fktablishmmt of Niiclcar Rc-searrh, Kjclkr, NOG I 
way. Nudeor Engineering (Part I, Chem. fq. 
Symposium Ser.) 11,183-187 (1%). 

The design and pcrformmce of thr JEEP m c t m  k 
discussed. Rrsults of corrosinn and iiiipurity checlu on a l u d  
num canning arc given. I ah ra to ry  expcrimcntr with distiikd 
water in an  autucLvc for 100 h w n  indh tcd  chat type 25 
aluminum was the mast rcicitant to  cocrarioa~. The totrobio(I 
rflrctr m the n-actor w e n  mainly caused by cmt?nrhu- 
tim. Imprr t im of the valves, pumps and hat  CX'-~W 
thc D.0 system showtut cnnmion attacks ai thc r r r inka  

conductivity and &crease in the pi1 d the w-m indiated 
which nwltd m ntst prticles in the 

the prrsmce of i m p ~ r i t k r  Rrwlts of an a d p h  d the 40 
system lor inipuritics and caiisc~ d ndioretiviy after 
tinn arc gkm. 

. 

I 
1 

AI 

W I.. h r l  Crcrrd Fkcric Ch. ,  AI- hm &e m~ 
a& ~ . ~ i w A i i  & i u a .  **L. i... muem. jc'arrl b a r &  1Jnratq .  W W h J i  ~ i v i ~ r .  W- 

e m ,  0. C 
- __ _-  . 

6.4.2-128 STATIC CORROSION OF ALUMINUM AL- 
LOYS AT 350' F. AND 480' F. IN DISTILLED WATER. 
P . 0 . S t m m r a d M . H .  r.U.S.AtomiC&trlyCaraa 
Publ., LRL-64, Ckt., 1953,l 7 pp 

static corrosion of a numbrr d Al al+ L in dirtil)cl I 
water h u  brm studird at 350" F. (175. C.) and tdO* F. (2W I 

c.) for prriodr up to 1500 hr. The following dbya weer t a t d  
24S, 61S, 52S, Alchd 24S, Alclad 75s clad with 7 2 s  ShcU 
rpecimrnr were reparrd by sandblasting. &and ha boilhy 
acctonr, and mafcd for 16 hr. in dirt= water; tertm wu 
ca:rird out in rtainlca strcl bombs with Tcfion rprcrrr dag& 
gains wrre rccordrd, and the t h i c k  d thc cormsko p r d  
uct was calculated assuming a formula d ALO.*lix). At 3 W  
F. the film war extrrmely adhrrrnt rad chem. inert; a tinrihr ' 
film was f o m d  initially at 480' F. Lata, bowcm, at tbe 
higher temp., the film kcrme spotty and black and grew 0rc1 
the rntirc rurfan; it wrs non-adhrrent and aoa-protccck TLC 
black film fonnrd more easily on the 24s alloy than on 61s Q 
Alchd 24s. At the lower trmp. attack was uoifona, with gem- 
era1 surface roughening; at the higher temp. thi w u  .bo * 
case on 61s. Extrnsive local pitting of 24s occryrrd at 480. F. 
At the lower temp. the initial rate d attack was high f a  .1 
the alloys, crpecially 52s. but thereafter tbt rata were <U 
mil/ycar. At 580' F. attack was mom rapid 6th 61s .d 
Alclrd 24S, showing ultimate rata d 1-3 mib/ycu. 24s 
could not be studicd for >SO0 hr. The thick- d the 3 
protectire film war tcmp.-drpcndcnt, being d the order of 0.6 
mg./cm.' at 350" F. and four timcr thim at 180. F. 11 ref. 

. .  
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6.41-36 AQUEOUS CORROSION OF 2s ALUMINUM 
AT ELEVATED TEMPERATURES. J. E. Drdcy .ad W. E. 
Ruther. Argonne National Lab. U. S. At& E n r w  C ~ I W D .  
Pubn., AECU-2301, a t & .  1952, 9 pp 
The corrosion characteristics of 2s duminum io water st 

devltcd temprraturer was rtudicd. It was fouod that tbe alu- j 
ruinurn corroda uniformly in nearly pure watcr at rata vhicb 
iocrurc with the tcmpcrature. Normal corroIioe ia not rapid 
up to well over 250°C, but the u r c f u k  of the matcrid 
might k limited by intergranular attack which may koocllc - W I P t  8t 8 tCmVtUrr  m'c 

- ~ I -  

6.4.2-122 ALUMINUM AND WATER M. Scbcnt Met& 
lobcdache, Ausgabe B, 4. No. 3. B33-B36 (1952 1sucL; 
Traxu1atio;l: Aluminium Labs. Rcpt. No. B-TM-14%L. 

ucts:.Cornnion mistance d Jumimun to MOI 
Z l = t e r ,  ruch as rain water, frab water, sea watp, aad 
distilled water. Rewnr for the existence d can*k 
nature ~f the dfierurt types of conorioa, r ~ d  rbt 
rtitucnts likely to k harmful to aluminum, 

W e  d oxide am; d~ctrocbanial nature d anraios; j 

i - -_. 

I 
Ross C. Turlicr. COrmSion and the T k r t h t h  d CamdOQ' 
I'rudurts in a High Pms~re  Pow- P l a t .  Corrosion. 14, 
212t (1958) M8y. 
M.thods u d  IO d u c e  rorrosiws in a high-prssure s tam 
gciwraring plant arc nviewd.  Fartors involved in thc fornu- 
tion, tmnsportation and deposition of corrosion pmductr withim 
thc plant's cyrlr arc diwiissrd in detail. Attrntion is gi\m L 
thr disrusion to surh m a t t m  as watcr conditioning, feed wata 
mid steam roncrntratims, corrosion of s t e m  l inq  turbine 
bladc deposits, thc collecting of dissolved g a m  in condcarcrr 
mid diswlvc-d 0xygc.n xavrngrrs. Undrr CCRain low load op 
c-r;itions and shutdown pcrid.~, !he chcmist m y  haw 6 
tivcly little roritrol over ihc. corrosion occurring. 

0 -  
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